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1	Introduction
We here provide further discussion on
· Paging in restricted area of a cell: RAN3 sent LS to RAN2, SA2 at last meeting, but principles and mechanism for paging escalation for the case where initial paging attempt happened in a restricted area of a cell has so far not been discussed in RAN3. We here provide an initial discussion, as well as simulation results for potential energy saving gains which have not yet been presented for this feature.
· Cell DTX/DRX: We here provide discussion following initial agreements taken by RAN1 and RAN2.
We additionally propose update to TS 38.423 for beam deactivation indication as discussed in [1].
2	Paging in restricted area of a cell
2.1	Potential energy saving gain
RAN3 could not so far reach a common understanding of whether energy saving gains from paging in restricted area of a cell come from avoiding sending paging information (a few bytes) per UE in beams where the UE is not paged, or whether the feature also creates additional micro-sleep opportunities. Our understanding is that the ES gain from the additional micro-sleep opportunities that are potentially created is insignificant. And due to paging load resulting from paging escalation taking place in e.g. multiple cells or full tracking area, which in our understanding will be performed in all beams of a cell, these additional micro-sleep opportunities will in practice be very rare.

In the following, we estimate the network energy saving gain when restricting the paging of the UE in a single SSB beam. The gain is computed compared to the legacy paging in which, when paging the UE, the cell transmits the same paging DCI (over the PDCCH) and the same paging record (over the PDSCH) in all the PDCCH monitoring occasions (PMOs) associated to all the transmitted SSB beams at different times (e.g. in contiguous slots). When applying paging restriction, this allows the network to use micro-sleep in all PMOs but the one corresponding to SSB beam in which the UE is located. 

The following assumptions are considered for the evaluation:
· Paging cycle = 1.28 sec (typical value)
· Total POs/PF = 1 (typical value under low paging load)
· Total PFs/paging cycle = [1, 2, 4, 8, 16]  
· Number of transmitted SSB beams = 8 (Reference Configuration Set1 of TR 38.864); 64 (Set3 of TR 38.864)
· BTS power model: Cat.2 model (TR 38.864)

As observed in Table 1, the network energy saving gain is marginal (1%-3%) even when considering the largest number of transmitted SSB beams (64), in which case paging is done only via one SSB beam and the network can micro-sleep in the PMOs of the remaining 63 beams. 

Note that these results provide an upper bound of the gain as these assumes perfect knowledge at the network of the UE location at SSB beam or UE stationarity. In practise, the paging may have to be performed in more than a single beam for the UE.

[bookmark: _Ref134772913]Table 1 Network energy saving gain (%) from restricting paging in a single SSB beam 
	
	No. of PFs/paging cycle

	
	1
	2
	4
	8
	16

	8 SSBs (FR1, Set 1)
	0.99
	1.00
	1.00
	1.02
	1.04

	64 SSBs  (FR2, Set 3)
	2.79
	2.81
	2.84
	2.90
	3.05



Furthermore, energy saving gains coming from slight data reduction for paging (a few bytes per UE per beam not paged) is also marginal in low conditions.

Observation 1: Insignificant potential energy saving gains can be expected from paging in restricted area of a cell.

2.2	Handling of paging escalation
RAN3 included the following description for CN-initiated paging in restricted area in LS to RAN2/SA2 sent at last meeting in [2]:

1) The signalling procedure of the paging enhancement for UEs in RRC_IDLE state is given as follows: 
a) The last serving gNB reports a list of recommended beams (e.g., last few served SSBs) of the gNB to the AMF in UE CONTEXT RELEASE COMPLETE message over NGAP
b) The AMF stores the list of recommended beams while UE is in RRC_IDLE state
c) During idle mode paging, the AMF sends the stored recommended beams back to the last serving gNB in the NGAP Paging message. 
2) To assist in NGAP Paging, it is expected that the gNB shall provide the list of recommended beams to the CN only for UEs that are known to be stationary, but it is up to gNB’s implementation to decide to which UEs the paging enhancement technique is applied. 
3) RAN3 assumes that the list of recommended beams will be transparent to AMF. 
The legacy mechanism for optimization of CN-initiated paging includes (TS 23.502):
The AMF and the (R)AN may support further paging optimisations in order to reduce the signalling load and the network resources used to successfully page a UE by one or several of the following means:
-	by the AMF implementing specific paging strategies (e.g. the N2 Paging message is sent to the (R)AN nodes that served the UE last);
-	by the AMF considering Information On Recommended Cells And NG-RAN nodes provided by the (R)AN at transition to CM-IDLE state. The AMF takes the (R)AN nodes related part of this information into account to determine the (R)AN nodes to be paged and provides the information on recommended cells within the N2 Paging message to each of these (R)AN nodes;
-	by the (R)AN considering the Paging Attempt Count Information provided by the AMF at paging.
	If the UE Radio Capability for Paging Information is available in the AMF, the AMF adds the UE Radio Capability for Paging Information in the N2 Paging message to the (R)AN nodes.
	If the Information On Recommended Cells And (R)AN nodes For Paging is available in the AMF, the AMF shall take that information into account to determine the (R)AN nodes for paging and, when paging a (R)AN node, the AMF may transparently convey the information on recommended cells to the (R)AN node.
	The AMF may include in the N2 Paging message(s) the paging attempt count information. The paging attempt count information shall be the same for all (R)AN nodes selected by the AMF for paging.
	If the AMF has Paging Assistance Data for CE capable UE stored in the UE Context in AMF and Enhanced Coverage is not restricted for the UE then the AMF shall include Paging Assistance Data for CE capable UE in the N2 paging message for all NG-RAN nodes selected by the AMF for paging.


Optimization of CN-initiated paging is further described in TS 38.300:
Paging optimization for UEs in CM_IDLE: at UE context release, the NG-RAN node may provide the AMF with a list of recommended cells and NG-RAN nodes as assistance info for subsequent paging. The AMF may also provide Paging Attempt Information consisting of a Paging Attempt Count and the Intended Number of Paging Attempts and may include the Next Paging Area Scope. If Paging Attempt Information is included in the Paging message, each paged NG-RAN node receives the same information during a paging attempt. The Paging Attempt Count shall be increased by one at each new paging attempt. The Next Paging Area Scope, when present, indicates whether the AMF plans to modify the paging area currently selected at next paging attempt. If the UE has changed its state to CM CONNECTED the Paging Attempt Count is reset.

RAN3’s guidance to SA2 in [1] did not  take into account whether and how specific handling of the list of recommended beams should be considered by the AMF in case of paging escalation (paging in wider area if the UE doesn’t respond to the paging). We believe that if the AMF always includes the list of recommended beams also in case of paging escalation, the paging message received by the gNB becomes ambiguous.

However, the case of paging escalation in case of initial paging in restricted area of a cell was not so far discussed in RAN3 (neither in study item nor in work item). Resulting stage 2 and stage 3 impacts will be different for RAN-initiated paging and CN-initiated paging (agreements not yet taken by RAN3 for CN-initiated paging). But before looking into these specification details and proceeding with potential agreements for CN-initiated paging, we suggest that RAN3 first agrees on the main principles for such paging escalation, considering that also paging escalation is a potential source of energy consumption. Points to clarify would in our view be e.g.:
· if paging attempt 1 takes place in a limited area of a cell (one or more SSB beams), should next paging attempt always take place in all beams of the same cell? This may result in 2 additional paging attempts compared to legacy paging, with corresponding impact on latency.
· whether paging escalation shall always result in paging in full cell(s), and not only in part of cells?

Proposal 1: RAN3 to discuss and clarify principles for paging scope in case of paging escalation when initial paging happened in restricted area of a cell.

Due to additional complexity that CN-initiated paging in restricted area of a cell is not introduced in Rel-18.

Proposal 2: CN-initiated paging in restricted area of a cell is not introduced in Rel-18.
3	Cell DTX/DRX 
3.1	RAN1/RAN2
April RAN1 and RAN2 meetings resulted in the following main agreements:
RAN1:
From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
Periodic/Semi-persistent CSI report
Periodic/Semi-persistent SRS 
FFS: SRS for positioning
FFS:
HARQ feedback for SPS PDSCH
FFS whether there will be exception case(s) for UE transmitting listed signals/channels during non-active periods of DRX
FFS Whether the listed signals/channels can be configurable by gNB
FFS: Whether the same or different UE behavior is applicable with or without C-DRX
FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period.

RAN2:
Among other agreements, RAN2 will support configuration of a periodic cell DTX/DRX pattern by UE specific RRC signalling, and RAN2 also sent LS to RAN1 asking about feasibility and design details of L1 signalling for Cell DTX/DRX activation/deactivation.

3.2	Cell DTX/DRX information exchange between neighbour nodes
A periodic cell DTX/DRX pattern like the one currently being elaborated in RAN1 and RAN2 will be beneficial to save energy by creating sleep opportunities for the gNB transceiver. We expect this feature to be activated as much as possible i.e. including periods with some traffic load. This traffic will as a consequence be concentrated to a limited number of slots during which the inter-cell interference level (down-link in case of cell DTX, uplink in case of cell DRX) will increase beyond the level experienced without activation of the cell DTX/DRX feature. 
Observation 2: Cell DTX/DRX concentrates the traffic in restricted time slots and can therefore increase inter-cell interference.
Inter-node information exchange of cell DTX/DRX pattern can therefore serve the purpose of interference mitigation.
Proposal 3: RAN3 to support the exchange of the Cell DTX/DRX configuration between gNBs.
In anticipation of further agreements in RAN1 and RAN2, we here assume information to be exchanged between neighbour nodes will include the cell DTX and/or the cell DRX configuration: periodicity, start slot, offset and the on-duration. The NG-RAN node receiving its neighbour cell DTX/DRX information can use this information to choose its own cell DTX/DRX configuration so that it avoids the alignment of the active time of its own cell DTX/DRX configuration with the cell DTX/DRX active time of its neighbour. 
However we believe that fully orthogonal cell DTX/DRX patterns in practice can’t be expected. Additionally, due to the dynamic nature of the traffic load, there may be not necessarily transmission during an active period, and there could be need for transmission during an inactive period.
Observation 3: Due to the dynamic nature of the traffic load, there may be not necessarily transmission during a cell DTX/DRX active period, and there could be need for transmission during a cell DTX/DRX inactive period
This potential misalignment between the defined cell DTX/DRX pattern and actual UL/DL transmission in the cell might be further accentuated if dynamic pattern reconfiguration based on L1 signalling can’t be confirmed by RAN1, in which case the gNB will have to work with a relatively slow (and energy consuming) procedure using pattern reconfiguration based on dedicated RRC signalling. 
So in practice, and independently of whether support of multiple patterns are standardized, an NG-RAN node may use different UL/DL transmission behaviours at different time instants. The pattern to be used at each time will need to match the traffic/load at the NG-RAN node, and specifically in the given cell. If multiple patterns can accommodate the same traffic, then for energy saving purposes the node will try to use the pattern that allows more sleeping time opportunities (namely it has the highest possible proportion (density) of non-active time).  
Proposal 4: RAN3 to discuss solutions for inter-node coordination taking into account that there may be not necessarily transmission during a cell DTX/DRX active period, and there could be need for transmission during a cell DTX/DRX inactive period.
A conflict case between two or more interfering adjacent cells can happen if the transmissions of those adjacent interfering cells are aligned. For example, if the active times of the cell DTX/DRX configurations of neighbour nodes overlap. In this case, inter-cell interference increases, and this may lead to a degradation in the service. 
Observation 4: A conflict can happen if the transmissions of two or more interfering adjacent cells overlap (for example, in case that the cell DTX or cell DRX active times are aligned), which increases inter-cell interference and degrades the service.
A coordination procedure between neighbour nodes in case of cell DTX or cell DRX configuration conflict occur therefore seems beneficial.
Proposal 5: RAN3 to elaborate signalling solution for mitigation of conflicting cell DTX/DRX patterns.

4	Conclusion
We have made the following observations and proposals:
Paging in restricted area of cell:
Observation 1: Insignificant potential energy saving gains can be expected from paging in restricted area of a cell.

Proposal 1: RAN3 to discuss and clarify principles for paging scope in case of paging escalation when initial paging happened in restricted area of a cell.

Proposal 2: CN-initiated paging in restricted area of a cell is not introduced in Rel-18.


Cell DTX/DRX:
Observation 2: Cell DTX/DRX concentrates the traffic in restricted time slots and can therefore increase inter-cell interference.
Proposal 3: RAN3 to support the exchange of the Cell DTX/DRX configuration between gNBs.
Observation 3: Due to the dynamic nature of the traffic load, there may be not necessarily transmission during a cell DTX/DRX active period, and there could be need for transmission during a cell DTX/DRX inactive period
Proposal 4: RAN3 to discuss solutions for inter-node coordination taking into account that there may be not necessarily transmission during a cell DTX/DRX active period, and there could be need for transmission during a cell DTX/DRX inactive period.
Observation 4: A conflict can happen if the transmissions of two or more interfering adjacent cells overlap (for example, in case that the cell DTX or cell DRX active times are aligned), which increases inter-cell interference and degrades the service.
Proposal 5: RAN3 to elaborate signalling solution for mitigation of conflicting cell DTX/DRX patterns.
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This message is sent by a NG-RAN node to a neighbouring NG-RAN node to transfer updated information for an Xn-C interface instance.
Direction: NG-RAN node1  NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	TAI Support List
	O
	
	9.2.3.20
	List of supported TAs and associated characteristics.
	GLOBAL
	reject

	CHOICE Initiating NodeType
	M
	
	
	
	YES
	ignore

	>gNB
	
	
	
	
	
	

	>>Served Cells To Update NR
	O
	
	9.2.2.15
	
	YES
	ignore

	>>Cell Assistance Information NR
	O
	
	9.2.2.17
	
	YES
	ignore

	>>Cell Assistance Information E-UTRA
	O
	
	9.2.2.43
	
	YES
	ignore

	>>Served Cell Specific Info Request
	O
	
	9.2.2.102
	
	YES
	ignore

	>ng-eNB
	
	
	
	
	
	

	>>Served Cells to Update E-UTRA
	[bookmark: OLE_LINK357]O
	
	9.2.2.16
	
	YES
	ignore

	>>Cell Assistance Information NR
	O
	
	9.2.2.17
	
	YES
	ignore

	>>Cell Assistance Information E-UTRA
	O
	
	9.2.2.43
	
	YES
	ignore

	TNLA To Add List 
	
	0..1
	
	
	YES
	ignore

	>TNLA To Add Item
	
	1..<maxnoofTNLAssociations>
	
	
	–
	

	>>TNLA Transport Layer Information
	M
	
	CP Transport Layer Information
9.2.3.31
	CP Transport Layer Information of NG-RAN node1
	–
	

	>> TNL Association Usage
	M
	
	9.2.3.84
	
	–
	

	TNLA To Update List 
	
	0..1
	
	
	YES
	ignore

	>TNLA To Update Item
	
	1..<maxnoofTNLAssociations>
	
	
	–
	

	>>TNLA Transport Layer Information
	M
	
	CP Transport Layer Information
9.2.3.31
	CP Transport Layer Information of NG-RAN node1
	–
	

	>> TNL Association Usage
	O
	
	9.2.3.84
	
	–
	

	TNLA To Remove List 
	
	0..1
	
	
	YES
	ignore

	>TNLA To Remove Item
	
	1..<maxnoofTNLAssociations>
	
	
	–
	

	>>TNLA Transport Layer Information
	M
	
	CP Transport Layer Information
9.2.3.31
	CP Transport Layer Information of NG-RAN node1
	–
	

	Global NG-RAN Node ID
	O
	
	9.2.2.3
	
	YES
	reject

	AMF Region Information To Add
	O
	
	AMF Region Information 9.2.3.83
	List of all added AMF Regions to which the NG-RAN node belongs.
	YES
	reject

	AMF Region Information To Delete
	O
	
	AMF Region Information 9.2.3.83
	List of all deleted AMF Regions to which the NG-RAN node belongs.
	YES
	reject

	Interface Instance Indication
	O
	
	9.2.2.39
	
	YES
	reject

	TNL Configuration Info
	O
	
	9.2.3.96
	
	YES
	ignore

	Coverage Modification List
	
	0 .. 1
	
	List of cells with modified coverage.
	GLOBAL
	reject

	>Coverage Modification Item
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	
	–
	

	>>Global NG-RAN Cell Identity
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	NG-RAN Cell Global Identifier of the cell to be modified.
	–
	

	>>Cell Coverage State
	M
	
	INTEGER (0..63, …)
	Value '0' indicates that the cell is inactive. Other values Indicates that the cell is active and also indicates the coverage configuration of the concerned cell.
	–
	

	>>Cell Deployment Status Indicator
	O
	
	ENUMERATED(pre-change-notification, ...)
	Indicates the Cell Coverage State is planned to be used at the next reconfiguration.
	–
	

	>>Cell Replacing Info
	C-ifCellDeploymentStatusIndicatorPresent
	
	
	
	–
	

	>>>Replacing Cells
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	
	–
	

	>>>>Global NG-RAN Cell Identity
	
	
	Global NG-RAN Cell Identity
9.2.2.27
	NG-RAN Cell Global Identifier of a cell that may replace all or part of the coverage of the cell to be modified.
	–
	

	>>SSB Coverage Modification List
	
	0.. 1
	
	List of SSB beams with modified coverage.
	–
	

	>>>SSB Coverage Modification Item
	
	0..<maxnoofSSBAreas>
	
	
	–
	

	>>>>SSB Index
	M
	
	INTEGER (0..63)
	Identifier of the SSB beam to be modified.
	–
	

	>>>>SSB Coverage State
	M
	
	INTEGER (0..15, …)
	Value '0' indicates that the SSB beam is inactive. Other values Indicates that the SSB beam is active and also indicates the coverage configuration of the concerned SSB beam.
	–
	

	>>Coverage Modification Cause
	O
	
	ENUMERATED (coverage, cell edge capacity, ..., energy saving)
	Indicates the reason for the coverage modification in NG-RAN node1.
	YES
	ignore

	Local NG-RAN Node Identifier
	O
	
	9.2.2.101
	
	YES
	ignore

	Neighbour NG-RAN Node List
	
	0..<maxnoofNeighbourNG-RAN nodes>
	
	
	YES
	ignore

	>Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	–
	

	>Local NG-RAN Node Identifier
	M
	
	9.2.2.101
	
	–
	

	Local NG-RAN Node Identifier Removal
	O
	
	Local NG-RAN Node Identifier
9.2.2.101
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofTNLAssociations
	Maximum numbers of TNL Associations between the NG RAN nodes. Value is 32.

	maxnoofCellsinNG-RAN node
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.

	maxnoofSSBAreas
	Maximum no. SSB Areas that can be served by a cell. Value is 64.

	maxnoofNeighbourNG-RAN nodes
	Maximum no. of neighbour NG-RAN nodes. Value is 256.



	Condition
	Explanation

	ifCellDeploymentStatusIndicatorPresent
	This IE shall be present if the Cell Deployment Status Indicator IE is present.
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